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(g) In-situ endpoint detection and process monitoring method and apparatus for chemical -mechanical 
polishing. 

@ An in^'tu chemicai-mechanicai polishing 
process monitor apparatus (50) for monitoring a 
polishing prooess during polishing of a work- 
piece such as a sikxxi wafer (52) in a polishing 
machine, the polishing machine having a rotat- 
able polishing table (62) provided with a polish, 
ing skjny (61), is disdoaed. The apparatus 
comprises a window (72) embedded within the 
polishing table, whereby the window traverses a 
viewing path during polishing and further en- 
ables in^ftu viewirig of a polishing surface (58) 
of ttie workpiece from an underside of the 
polishing table during polishing as the window ^ 
traverses a detection region along the viewing 
path. A reflectance measurement means (74) is S 
coupled to the window on the undefskje of the 
polishing table for measuring a reflectance. To 
generate a reflectance signal representative of 
an in-situ reflectance, wtierein a prescribed 
change in the in-situ reflectance corresponds to 
a prescribed condition of the polishing process. 
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ter to edge polishing variations. 

In additton to the at>ove-not»<j characteristics of 
CMP, removal uniformity can change during polishing 
of a wafer aa a result of changes in pad and wafer car- 
rier conditions. Detection of abnormal removal uni- 5 
formity or spurious changes therein is therefore highly 
desirable, Le., a method and apparatus for in-situ de- 
tection and monitoring of removal non-unifomiity. 

Thu8« there remains a continuing need In the 
semiconductor fabrication art for an apparatus and io 
method which accurately and efficiendy detects and 
nwnitors polishing characteristics of a chemicaJ- 
mechanical planarization process. An in-situ real- 
tinrw method and apparatus ts highly desired. 

IS 

SUMIMARY OF THE INVENTION 

An object of the present invention is to provide a 
In-situ real-time CMP polish Ing process monitoryen- 
dpoint detection method and apparatus. 20 

Another object of the present invention is to pro- 
vide a method and apparatus for CMP polishing proc- 
ess monttDring/endpoint detection operable over a 
wide range of polishing tat>le speeds. 

Yet another object of the present invention is to 25 
provide a method and apparatus for in-situ removal 
non-uniformity detection. 

According to the invention, an in-situ chemical- 
mechantcal polishing process monitor apparatus for 
nnorutaring a polishing process during polishing of a x 
workpiece in a polishing machine, the polishing ma- 
chine having a rotatable polishing table provided with 
a polishing slurry, comprises a window embedded 
wfithin the polishing table, vvheraby the window traver- 
ses a viewing path during polishing and further en- 35 
at)ies in-situ viewing of a polishtng surface of the 
workpieoe from an underside of the polishtng tat)le 
during polishing as the wnndow traverses a detection 
region along the viewing path. Areflectance measure- 
ment means is coupled to the window on the under- 40 
side of the polishing table for measuring a reflec- 
tance, where the rarfiectance measurement means 
provides a renectanoe signal representative of an in- 
situ reflectance, whefein a prsscribed change in the 
ifvsitu refiectanoe corresponds to a prescrit>ed con- 46 
dftion of the polishing process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other teachings of the present so 
invention will become more apparent upon a detailed 
description of the best mode for carrying out the in- 
vention as rendered t>ek3iw. In the description to fol- 
low, reference will be made to the accompanying 
drawings, where I il^e reference numerals are used to 55 
identify like parts in the vanous views and in which: 
Rgs. 1 and 2 are schematic representations of a 
VLSI wiring fatsrication, including a t>lanl(et rrotal 



layer upon a dielectric layer 
Fig. 3 is a schematic view, with parts in section, 
of an in-situ real-time polishing process monitor 
apparatus in accordance with the teachings of 
the present invention; 

Fig. 4 is a schematic top view representation of 
the detection region for talcing in-situ reflectance 
measurements during each revolution of the pol- 
ishing table; 

Fig. 5 shows a graph of a reflectivity signal versus 
tinne in accordance with the present invention; 
Fig. 6 shows a graph of Irhsitu reflectivity versus 
time in accordance with the present invention; 
Fig. 7 shows a graph of in-situ reflectivity versus 
time in accordance with the present Invention; 
and 

Fig. 8 shows a schematic view, with parts in sec- 
tton, of an alternate ennt>odiment according to the 
present invention, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention is disdoaed in connection with a 
chenwnech polishing apparatus or lapping nuichine. 
Because chem-mech polishing apparatus and tap- 
ping machines are well knovvn, this description is di- 
rected in particular to elements of chem-mech polish- 
ing apparatus formmg part of or cooperating direcdy 
with the invention. It is to be understood, however, 
ttiat other elements not specifically shOMm or descri- 
bed may take various forms known to persons of or- 
dinary skill In the art 

Referring now to Rg. 3, an apparatus 50 for 
chem-mech polishing of a semiconductor wafer or 
workpieoe 52 having a patterned dielectric layer 54 
for the subsequent formation of metal lines, con- 
tact/via studs, and/or pads is shown. A oonfbrmal 
metal layer 56, comprising for exannple alumtnum, 
overlies the patterned dielectric layer 54 of sernkxyv 
ductor wafer 5Z It should be noted that semiconduc- 
tor wafer 52 may have been preprocessed and can 
therefore include layers of interleaved circuttry. For 
simplicity, those other features are not represented in 
Rg. 3. 

^ Apparatus 50 may comprise any commercially 
available chem^ech polishing apparatus, such aa, a 
Strasbaugh dCA single wafer polisher available from 
R. Howard Strasbaugh Inc. of Huntington Beach, CA. 
Apparatus 50 Includes a wafer carrier or holder 60 
having a suitable means for securing wafer 52 there- 
to. As shown, wafer 52 ts positioned between wafer 
carrier 60 and a polishing table 62. Wafer carrier 60 
is nKHinted by 8uttat)le means atxTve polishing tatHe 
62 for rotation about axis A, in a direction indicated by 
arrow 1 04. Wafer carrier 60 is further positionable be- 
tween a polishing positton and an non-polishing poe- 
ition by a suitat)le control means (not shown), acxxird- 
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a normal incKjent angle may be utilized wrth appropri- 
ate beam splitters (not shown) for directing the inci- 
dent and reflected light beams as necessary. 

Acontrt)! means 82 provides an energization sig- 
nal via signal line 84 to light source n"»eans 76 for pro- 
viding the incident light beam 77 as desired. Control 
nrieans 82 comprises, for example, a prDgranmat}le 
computer or controller and approprate interface cir- 
cuitry, well known in the art for providing the desired 
functions as described herein above and further t>e- 
low. EJectrical connection between control means 82 
and tight sovirce nneans 76 ts provided, for Instance, 
via an appropriate power cable and connections, in- 
cluding for example, a suitable slip-ring arrangement 
85, for enat)ling the electrical connection to be routed 
through the rotation shaft spindle 63 of table 62. 

Control means 82 Is further responsive to the first 
and second light signals, provided by incident light de- 
tecting means 78 and reflected light detecting means 
80, respectively, for providing a reflectance measure- 
ment therefrocn. That is, control means 82 indudes 
appropriate analog-to-^igttal converter circuitry for 
converting first and second light signals into digital 
sig nals. Control means 82 is further suitably progranv 
med for utUtzing the digital signals to effect a division 
of the intensity of reflected light (I) by the Intensity of 
incident light (Iq). thereby otrtaining a reflectance 
measmment amount R (i.e., RH/lo). First and sec- 
ond light signals are provided to control means 82 
through signal lines 86 and 88, rsspectively. Signal 
lines 86 and 88 comprise, for instance, appropriate 
signal cables and connections, including for example, 
a suitable slip-ring arrangement B7 and 89, respec- 
tively, for enabling the electrical connections to be 
routed through the rotation shaft spir>dle 63 of table 
6Z 

Light source 76 can comprise a suitable light 
source, such as a white light or polychromatic light 
source, a 8uttat>ie laser, a HeNe laser, a suitably col- 
ilmated diode laser, or the like. The light source 76 
provides a weU-collinriated incident light beam 77 
along a oorrasponding incident light beem path. Typ- 
icaly, the t>eem diameter at the wafer surfaoe conv 
prises a t>eam on the order of 1 mm, but larger or 
smaller beams could be used depending cm the spa- 
tial resolution desired. By using a targe size beam, 
fluctuations due to pattern factor changes across a 
chip are reduced. The particular beam size ts ot>- 
tained by iax)wn methods in the art For strongly col- 
ored sluoles, the light source wavelength should be 
selected to minimize slurry absorption. For instance, 
a round trip through a 1 mm thick layer of a silica 
based slurry o found to attenuate a 633 nm HeNe las- 
er beam by atxxit 40%. The actual slurry thkicness 
during polishing, between the wafer being polished 
and the window 72, ts cor^iderably smaller than 1 
mm. 

Incident light beam detector 78 can compnse a 



beam splitter 90 and a photodetector 92. Beam split- 
tar 90 is positioned and arranged in the path of the in- 
cident light t>eam 77 for partially reflecting and partiai- 
ly trarksmitting the incident light beam. More particu- 

5 larty. beam splitter 90 comprises a 8uitat>te beam 
splKter for reflecting a small portion, e.g., on the order 
of 10%, of the incident light t>eam to the photodiode 
92 and transmitting a fcHjlk portion, e.g.. on the order 
of 90%, of the incident light beam therethrough along 

10 the incident tight path to the underskie of window 72. 
The partially reflected portion of light directed onto a 
photodetector 92 is converted Into a first signal, 
wherein the Tirst signai is proportwnal of an amount 
of incident light Photodetector 92 may comprise any 

IS suitat)le detector for detecting the light provided by 
light source 76, stich as, a photodiode, for example. 

As shown in RG. 3, light source 76, incident light 
beam detector 78. and reflectad light t>eam detector 
80 are physteally k>Gatad on the underskie of pdish- 

20 ing table 62 within a sutable protective cover 93. Pro- 
tective cover 93 preverns urvjesirable contamination 
of the light soirce aruj photodetectors. The inskie sur- 
face of the protective cover 93 can be coated with a 
non-reflectrve coating, such as, with a flat black paint 

25 to reduce light scattering effacta within the same. 

Atrigger input 94mQ of control means 82 Is elec- 
thcally connected to a positkxi detecton devk» 96. 
Positkyi detection device 96 can comprise any suit- 
at>le means for providing a signal indicative of a pre- 

30 established positk>nal reiatk>nship between the wafer 
carrier 60, and thus the wafer 52 beir^g polished, and 
the window 7Z to t>e discussed further hereafter t>e- 
low with reference to a detection regtori. A trigger sig- 
nal received by trigger input 94tkio instructs control 

35 means 82 to perform a desired operatk^n responsive 
to the first and second light signals on signal lines 86 
and 88, respectively, for producing a reflectance sig- 
nai R. The reflectance signal so generated is output 
on signai line 98. The trigger input 94mQ described 

40 above Is Illustrative and not meant to preclude the use 
of other triggering means. For instance, control 
means 82 can be self-triggering where t>y overlap of 
the wafer with the window is detected by a sudden 
change to a reflectance higher than that of the bare 

45 window. 

Control means 82 receives inckjent and reflected 
l^ight signals as discussed above and converts the 
same into a cognizable form, such as a real-time 
graph similar to the graph as shown in FIG. 5. for use 

so by an operator of the CMP apparatus or for automatic 
control purposes as further di s cu s sed hereint>elow. 
For example, control nneans 82 nnay include a display 
means for real-time display of polishing process data 
of a destrsd polishing process condrtton, such as, a 

55 polishing endpoint during the polishing of wafer 52 by 
CMP apparatus 50. Preferably, the endpoint data is 
determineo from a prescrit>ed char^ge in reflectance 
during polishing from an initial reflectance, corre- 
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control means 82 by suitable well known progranv 
ming of contrd nr^eans 82, using commerdaily avail- 
at>le software, for example, QBASIC, as sold by Mi- 
crosoft CorpofBtion of Redmond, WA- FIG. 5 shows 
a simulation of the reflectance as a function of tinrte 5 
for two wafer positions. In the first position (dashed 
trace), the Al is deposited over bare, unpatterned sil- 
icon. In the second position (solid trace), the AJ film 
is deposited over an array of sit icon trenches of equal 
linewidth and spacing. The initial reflectivity at both to 
positions will t>e around 90%. corresponding to a 
blanket Al surface. The reflectWity atthe polishing en- 
d point will be dose to 35% for position 1 (the reflec- 
tivity for bare silicon) and near 65% for positkHi 2 (ap- 
proximately the area-weighted average of the Al and is 
Si reflectivities). The presence of the slurry and/or an 
additional dielectric layer in the wafer will slightly alter 
these values, which were computed for a wafer/air in- 
terface. The ptot of data points In the Fig. 5 can oonrv 
prise data points averaged over 3 revolutkxis (i.e., 20 
running average), thereby improving a signal-to-rwi- 
se ratio. Any noise component of the data can reason- 
ably be smoothed out considerably by this averaging 
procadurs as performed by control means 82. 

Simutatad output signala of ref lectanoe versus 25 
time are shown In FIGS. 6 and 7, as monitored using 
a digital oscilfoacope, for example. RG. 6 is represen- 
tative of uniform rsmoval of a metal layer 56. RG. 7 
is representative of a non-uniform removal of a metal 
layer 56, that is, corresponding to an instance in whk:h x 
the metal layer 56 is cleared away from the edge por- 
tions of the wafer before being cleared away from the 
center portfon of the wafer. The parametera used for 
the determtnatkKi of a polishing process conditfon, 
such as poltahing end point and/or pdiahing non-uni- 35 
fcrmity condition, by apparatus 70 can be calibrated 
for every level to be polished, or pre-set values cor- 
responding to the type of material k>eing polished and 
the pattern factor of the underlying layer, may be 
used. Once this calttxatfon is performed, a prsacribed 40 
change in the reflectance will correspond to the pol- 
ishing endpoint or polishing rKxi-uniformity cof>dition 
for the given VLSI structure. 

Refsrring again to RGS. 6 and 7, the tn-situ re- 
moval nronttofing aspect of the present invention will 4S 
be further explained. A typical reflectance output sig- 
nal is schematkaly represented which includes puls- 
es 1 20 and 1 22, respectively. Reflectance pulses 1 20 
and 1 22 are reflectance signal pulses otytained or pro- 
duced by control means 82 for multiple passes of the so 
window 72 under wafer 52. The reflectance pulses 
1 20 and 1 22, respectively, are separated in tinne by a 
time distance T between the pulaes corresponding to 
the rotatkxi period of the polishing table 62. Each 
pulse can bo analyzed in terms of f ive (5) different re- 55 
gions: region A is a pre-measurement signal region, 
region B is a rising signal region, region C is a steady 
state signal region, region D is a fall off regton. and 



lastly, regton E is a post rr^surement signal regton. 

The magnitude of the pre- and post- 
measurement signals contained in regions A and E. 
respectively, are independem of tinrte and therefore 
do not contain information at>out the film layer of the 
wafer t>eing polished. Upon movement of window 72 
along path 105 and completely underwafercarrier60, 
only a very thin layer of slurry is present between the 
wafer and the window. Regions B ar>d D, as shown in 
FIGS. 6 and 7. conrespond to the window being in re- 
gion 107b and 107c of RG. 4. respectively. Region C 
corresponds to the window 72 being under the center 
region of wafer 52 along path 105. 

A lead, center, and trailing edge reflectance 
measurements may be analyzed in a prescribed man- 
ner by control means 62 for real-time monitoring of 
the polishing of the lead, center, and trailing edge por- 
tions of the poltshed surface 58. An Indication of pol- 
ishing uniformity can easily be detected therefrom, 
for instarK», from variations ot>served in successive 
measuremerrts of the wafer's lead edge Bn6 center 
reflectances. Other reflectance measurement com- 
parisons can be made also. 

With respect to regions B, C, and D of RG. 7, dif- 
ferent portions thereof correspond to reflectance data 
from different locations across wafer 52. That la, the 
magnitude of the reflectance signal is indicative of the 
presence or atsence of the undesired bulc portion of 
layer 56 across wafer 52. Thus, by inspecting pulse 
120 or any subsequent pulses, irrfdrmation atxxit the 
renxival uniformity can be obtained in-situ. In partic- 
ular, the reflectance amplitude across the pulse in re- 
gions B. C, and D can be analyzed tsy control mearw 
62 for detection of any significant rats of change in 
the signal beyond a prescribed annount for any one 
particiiar pulse. That is, if the rate of change in mag- 
nitude exceeds a prescribed amount, corresponding 
to norMjnifbrmity of rsmoval of material from the pol- 
ishing material, control means 82 can thereafter pro- 
vide an indication of such removal non-unlfdrmlty, 
such as. via control signal CNTLon signal line 99, and 
the polishing process can t>e nnxjified appropriately. 
Polishing tool parameters can be nnxdified, manually 
or automatically, so as to compensate for the detect- 
ed non-uniformity. As shown in Rg. 7, the signal out- 
:,4>ut is representative of norhuntform polishing oondt- 
ttons wherein the undesired metal was polished away 
f rxam regions on the wafer corresponding to B and D. 
while remainirig on the wafer in a region correspond- 
ing to C. This is an example of the case where the re- 
moval rate at the wafer edges is greater than the re- 
rruival rate at the center of the wafer. Criteria, suitat>ie 
for a particular polishing operation, can be estat)tish- 
ed as appropriate for an aoceptatHe in-situ non-uni- 
formity set point, i.e., the point at which polishing con- 
ditions are modified or terminated due to excessive 
non-uniform polishing. 

In an alternate emtKxiiment, as shown in FIG. 8. 
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